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Abstract – In this paper we investigate a tachyon field model in cosmology, provided its
interaction with the quintessence or phantom fields.The model takes into account this inter-
action beyond the usual approach, in which the interaction is phenomenologically described
by the energy flow between the matter components. In our model, the interaction of tachyon
field with a canonical scalar field is taken into account through the interaction potential in
the total Lagrangian of the system, like in the case of two or more canonical scalar fields. We
obtain the different types of exact solution for the model by employing the so-called ”first
order formalism” procedures.
PACS: 98.80.-k,98.80.Jk.
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1 Introduction
Several cosmological observations, such as SNe type Ia [1, 2], Cosmic Microwave Background
Radiation [3, 4], Baryon Acoustic Oscillations in galaxy surveys [5, 6] etc., indicate that the
observable Universe is undergoing a phase of accelerated expansion. In order to explain such
phenomena, one needs to add an extra energy component of the Universe, which has a large negative
pressure and also dominates over all other components e.g. non-relativistic matter, radiation etc.
As known, this mysterious component is usually referred to as ”dark energy” (DE).
To accelerate the Universe expansion, equation of state (EoS) of DE, w = p/ρ where p and ρ
are the pressure and energy density respectively, must satisfy w < −1/3. The simplest candidate
for the role of DE is the cosmological constant, for which EoS is w = −1. However, there is some
evidence that DE may evolve from w > −1 in the remote past to w < −1 at present. To date, there
have been studied a large class of scalar - field models of DE [7], including tachyon [8], phantom
[9], quintom [10] and other models. Furthermore, the proposals for DE include interacting DE
model [11], braneworld models [12] and holographic DE models[13]. Phantom field (with negative
kinetic energy) was also supposed as a candidate for DE, since it allows sufficient negative pressure
with EoS w < −1 [14, 15]. The so-called quintom scenario of DE has been developed in order to
explain the dark energy EoS crossing −1. The first model of quintom scenario of dark energy has
been obtained in [10]. This model is studied in detail later e.g in [16, 17].
Recently there has been increasing interest for constructing the tachyon models in cosmology
[18], where the appearance of a tachyon field is mainly motivated by the string theory [19]. In the
context of string theory, the tachyon field in the world volume theory of the open string stretched
between a D-brane and an anti-D-brane or a non-BPS D-brane plays the role of scalar field in
the quintom model. The effective action used in the study of tachyon cosmology consists of the
standard Einstein-Hilbert action and an effective action for the tachyon field on unstable D-brane
or D-brane anti D-brane system. What distinguishes the tachyon action from the standard Klein-
Gordon form for scalar field is that the tachyon action is of the ” Dirac-Born-Infeld ” (DBI) form.
As known, tachyon fields are able to contribute for the inflation and late time acceleration [20].
The tachyon model of inflation has been discussed in [21, 22]. Tachyon dark energy as a function of
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various forms of its potential was studied in [23]-[26]. A model for tachyon field with non-minimal
derivative coupling to gravity has been considered in [27].
In view of the latest developments in DE modeling, the study of interacting tachyon models
acquired much significance. It seems natural to study different hybrid models which could include
an interacting tachyon field in the framework of different approaches. However, the model ac-
counting for the interaction of tachyon field with other fields has a well-known problem. So far the
description of tachyonic interaction is made phenomenologically by involving an energy exchange
term to govern the interaction (see, e.g., [28]-[44]).
In this paper we made an attempt to develop an alternative approach for description of the
interacting tachyon field, which is based on a more conventional phenomenological description
via an interaction potential. We obtain the different types of exact solution for the Friedmann-
Robertson-Walker (FRW) model filled with the interacting tachyon and quintessence (phantom)
scalar fields by employing the so-called first order formalism procedure [45, 46].
2 Basic equations
An effective DBI Lagrangian density inspired from the super-string theory is
LDBI = −f−1(φ)
√
1− f(φ)(∇φ)2 + f−1(φ) − U1(φ), (1)
where the tension of the brane is f−1(φ) = T3h
4(φ) with h(φ) being the warped factor in the the
metric
ds210 = h
2(r)ds24 + h
−2(r)(dr2 + r2ds25), (2)
and U1(φ) is the potential for the DBI-field, arising from quantum interactions between the D3-
brane associated with φ, and other D-branes. In terms of the brane tension T (φ), the Lagrangian
density is
Lφ = −T (φ)
√
1− φ˙2/T (φ) + T (φ)− U1(φ), (3)
for a homogeneous and isotropic Universe. By adding to the tachyon component a scalar field ϕ
described by the Lagrangian density with an interaction potential
Lϕ = ǫ1
2
ϕ˙2 − U2(ϕ)− Uint(φ, ϕ), (4)
we have the total Lagrangian density L = Lφ + Lϕ for the hybrid source of gravity. Here, ǫ = +1
represents quintessence while ǫ = −1 refers to phantom field.
Relying on a phenomenological approach in the presence of scalar field, we assume further that
the brane tension depends also on ϕ as a parameter. If we substitute T (φ, ϕ) = U1(φ) + U2(ϕ) +
Uint(φ, ϕ) into the total Lagrangian density and denote T (φ, ϕ) = V (φ, ϕ), i.e.
V (φ, ϕ) = U1(φ) + U2(ϕ) + Uint(φ, ϕ), (5)
then we can write down the following Lagrangian density for our model:
L = −V (φ, ϕ)
√
1− φ˙
2
V (φ, ϕ)
+
ǫ
2
ϕ˙2. (6)
Some motivation for this model is that in the case of slow roll, viz. φ˙2 << V (φ, ϕ), the total
Lagrangian is reduced to the canonical quintom model.
Keeping in mind that all quantities, φ(t), ϕ(t) and V (φ(t), ϕ(t)) are functions of time t which
should be found from the set of field equations, we can suppose the re-definition of tachyon field
as follows (cf [47]):
χ˙2(t) =
φ˙2(t)
V (φ(t), ϕ(t))
⇔ φ→ χ = ±
∫
φ˙(t) d t√
V (φ(t), ϕ(t))
. (7)
Substitution of the latter into (6) leads to the following Lagrangian density:
L = −V (χ, ϕ)
√
1− χ˙2 + ǫ
2
ϕ˙2. (8)
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For the sake of simplicity, we consider a spatially flat FRW cosmological model with the space-time
interval
ds2 = dt2 − a2(t) (dr2 + r2dΩ2) , (9)
where a(t) is a scale factor. Taking into account this metric, we can derive from Lagrangian (8)
the following equations for the tachyon and scalar fields:
χ¨
1− χ˙2 + 3Hχ˙+
Vχ
V
+ χ˙ ϕ˙
Vϕ
V
= 0, (10)
ϕ¨+ 3Hϕ˙+ ǫVϕ
√
1− χ˙2 = 0, (11)
where H = a˙(t)/a(t) is the Hubble function, Vχ = ∂V (χ, ϕ)/∂χ, and Vϕ = ∂V (χ, ϕ)/∂ϕ. Besides,
with the help of well-known formula for the energy-momentum tensor, Tµν = 2∂L/∂gµν − gµνL,
and from (8) it follows that the total effective energy density and pressure are
ρtot =
V (χ, ϕ)√
1− χ˙2
+
ǫ
2
ϕ˙2, ptot = −V (χ, ϕ)
√
1− χ˙2 + ǫ
2
ϕ˙2. (12)
Hence, the behavior of this model is defined by equations (10), (11) and the Friedmann equations,
(3/2)H2 = ρtot and H˙ = −(ρtot + ptot) where 4πG = 1. From the metric (9) and equations (12),
one can conclude that
3
2
H2 =
V (χ, ϕ)√
1− χ˙2
+
ǫ
2
ϕ˙2, (13)
H˙ = −V (χ, ϕ)χ˙
2√
1− χ˙2
− ǫϕ˙2. (14)
At the same time, the energy-momentum conservation law,
ρ˙tot + 3H(ρtot + ptot) = 0,
leads to the following equation
χ˙V√
1− χ˙2
[ χ¨
1− χ˙2 + 3Hχ˙+
Vχ
V
]
+ ϕ˙
[
ǫ(ϕ¨+ 3Hϕ˙) +
Vϕ√
1− χ˙2
]
= 0, (15)
which is satisfied due to the field equations (10), (11).
3 Exact solutions
3.1 The method
Even for the given potential V (χ, ϕ), it is difficult to find exact solutions for our model. However,
a class of exact solutions can be obtained in terms of the so-called superpotential in the first order
formalism. This procedure was first performed with a single scalar field in [45], and it was later
re-opened and extended on the case of two or more fields with standard dynamics in [46]. The
method of superpotential can be also productively applied to the quintom models (see, e.g., [48]
and [49]).
It should be noted that the general first-order equations for multiple fields, that are covariant
in field space, were written down in [50]. As seems, there exist some examples for which the first-
order framework, as written in terms of a superpotential, fails [51]. Nevertheless, we are able to
give several examples for which the method works.
Here, we introduce the superpotential function W (χ, ϕ) by the equality
H =W (χ, ϕ), (16)
in which the Hubble parameter H(t), as a function of time, is presumably expressed in terms of
fields χ(t), ϕ(t). By inserting (16) into (14), one can obtain two first-order equations as follows:
χ˙ = − 2Wχ
3W 2 − ǫW 2ϕ
, ϕ˙ = −ǫWϕ, (17)
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where Wχ = ∂W/∂χ, Wϕ = ∂W/∂ϕ. The potential V (χ, ϕ) is followed from (12), (16) and (17)
in the form:
V =
1
2
√(
3W 2 − ǫW 2ϕ
)2
− 4W 2χ , (18)
The evolutionary equation for the superpotential W (χ(t), ϕ(t)) is followed from W˙ = Wχχ˙ +
Wϕϕ˙ and Eq. (17) as
W˙ = − 2W
2
χ
3W 2 − ǫW 2ϕ
− ǫW 2ϕ. (19)
With the help of Eqs. (7), (17) and (18), it is easy to find that the original tachyon field φ(t) can
be obtained from the following equation
φ˙2 = 2W 2χ
√
1− 4W
2
χ
(3W 2 − ǫW 2ϕ)2
= 2W 2χ
√
1− χ˙2. (20)
To analyze this model, it is useful to consider the EoS parameter w =
ptot
ρtot
= −1 − 2
3
H˙
H2
and
the deceleration parameter q = −aa¨
a˙2
= −1− H˙
H2
followed from Eqs. (16), (19):
{
w
q
}
= −1 +
{
2/3
1
}
×

 2W 2χ
W 2
(
3W 2 − ǫW 2ϕ
) + ǫW 2ϕ
W 2

 . (21)
So we have a wide range of possibilities to solve the model equations assuming some certain
dependence W (χ, ϕ). Instead, we can provide several classes of solution for the model evolving
from some conditions on superpotential. Below, we show how it can be realized with the help of
some ansatz for the superpotential.
3.2 The first ansatz
The simplest condition on superpotential may be represented as
Wχ = λ1W
m(χ, ϕ), Wϕ = λ2W
m(χ, ϕ), (22)
where m, λ1, λ2 are constants. Then from (17) and (22), we have
χ˙ = − 2λ1W
m−2
3− ǫλ22W 2m−2
, ϕ˙ = −ǫλ2Wm. (23)
In view of Eqs. (19) and (22), we can obtain the evolutionary equation for the superpotential or,
keeping in mind Eq. (16), the Hubble parameter as follows
W˙ = − 2λ
2
1W
2m−2
3− ǫλ22W 2m−2
− ǫλ22W 2m, H =W (t). (24)
Integrating this equation for a given m, we can find the fields from Eq. (23). Then it is possible to
find the field potential (18), the Eos index and the deceleration parameter (21). Let us illustrate
this procedure for two different values of m.
3.2.1 The case m = 0
In this case, it follows from Eq. (22) that Wχ = λ1,Wϕ = λ2. Therefore,
W (χ, ϕ) = λ1χ+ λ2ϕ, (25)
and the field equations (23) become as follows
χ˙ = − 2λ1
3W 2 − ǫλ22
, ϕ˙ = −ǫλ2. (26)
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From Eq. (24), one can find the following equation for the Hubble parameter (or superpotential):
H˙ = − 2λ
2
1
3H2 − ǫλ22
− ǫλ22, (27)
which can be integrated in an implicit form as
t =
1
λ22
H +
2λ21
λ32
√
3λ42 − 6λ21
{ tan−1
tanh−1
}( 3λ2H√
3λ42 − 6λ21
)
, (28)
for ǫ = +1 and ǫ = −1, consequently. Besides, we can obtain that
{
w
q
}
= −1 +
{
2/3
1
}
×
[
2λ21
H2(3H2 − ǫλ22)
+ ǫ
λ22
H2
]
. (29)
3.2.2 The case m = 1
From Eq. (22) with m = 1 and dW =Wχdχ+Wϕdϕ , it follows that
W (χ, ϕ) =W0 exp(λ1χ+ λ2ϕ), (30)
Then from (23), we have
χ˙ = − 2λ1
3− ǫλ22
W−1, ϕ˙ = −ǫλ2W. (31)
With the help of Eqs. (18) and (22), we can find the following expression for the potential:
V =
W
2
√
(3− ǫλ22)2W 2 − 4λ21, (32)
where W is presented by (30). Besides, we are able to obtain the equation for the superpotential
followed from (24):
W˙ = −
(
ǫλ22W
2 +
2λ21
3− ǫλ22
)
. (33)
Integrating Eq. (33) with ǫ = −1, we have
H = H0 coth
[
λ22H0(tf − t)
]
, (34)
where H0 =
λ1
λ2
√
2
3 + λ22
, and tf > 0 is a constant of integration. Therefore, the scale factor can
be written down as
a(t) = a0
{
sinh
[
λ22H0(tf − t)
]}− 1
λ22 . (35)
From Eqs. (21) and (34), we can find that
{ w
q
}
= −1−
{ 2/3
1
}
× λ22
{
cosh
[
λ22H0(tf − t)
]}−2
, (36)
In view of Eqs. (31) and (34), it can be found that
λ1χ = ln cosh
[
λ22H0(tf − t)
]
− C,
λ2ϕ = ln sinh
[
λ22H0(tf − t)
]
+ C, (37)
where C is a constant. The behavior of this model in time is plotted in Fig. 1.
5
a   H   w   q
K2 K1 0 1 2
K2
2
4
6
8
10
Figure 1: The plot of the scale factor a, the Hubble parameter H , the EoS parameter w, and the
deceleration parameter q versus time t for m = 1, ǫ = −1, λ1 =
√
2, λ2 = 1, tf = 2, and a0 = 2.
3.3 The second ansatz
Let us now consider the case when
W (χ, ϕ) = X(χ)Φ(ϕ). (38)
In view of this ansatz and equation (17), we have
Wχ = X
′Φ, Wϕ = XΦ
′,
χ˙ = −2X
′
X2
Φ
3Φ2 − ǫΦ′2 , ϕ˙ = −ǫXΦ
′, (39)
where the primes denote derivatives with respect to the appropriate arguments.
In order to obtain an exact solution, we suppose that
W = λ
ϕ
χ
, (40)
where λ is a constant. Hence, we have the following equation for the potential:
V (χ, ϕ) =
λ
2χ2
√
λ2(3ϕ2 − ǫ)2 − 4ϕ2. (41)
From Eqs. (39) and (40), we can find the following equations:
χ˙ =
2ϕ
λ(3ϕ2 − ǫ) , ϕ˙ = −ǫ
λ
χ
. (42)
This set of equations can be written down as follows:
ϕ˙ = B
(
3ϕ2 − ǫ
)1/3ǫλ2
, χ = −ǫ λ
ϕ˙
, (43)
where B 6= 0 is a constant of integration. The first equation in (45) is exactly differentiable for
several particular values of λ. Let us consider two simple examples of exact solution for ǫ = ±1.
3.3.1 The case ǫ = +1, λ = 1/
√
3
Integrating the first equation in (43) with χ > 0, we can obtain that
ϕ =
1√
3
tanh
[√
3B(tf − t)
]
, χ =
1√
3B
cosh2
[√
3B(tf − t)
]
. (44)
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Figure 2: The plot of the scale factor a, the Hubble parameter H , the EoS parameter w, and the
deceleration parameter q versus H0t for ǫ = −1, λ = 1/
√
3, and H0 = 18.
Due to Eqs. (40) and (44), we have
H(t) =
B√
3
sinh[
√
3B(tf − t)]
cosh3[
√
3B(tf − t)]
, (45)
a(t) = a0 exp
{
1
6 cosh2[
√
3B(tf − t)]
}
. (46)
Finally, we can obtain the following expressions for the EoS and deceleration parameters:
{
w
q
}
= −1−
{
2
3
}
× cosh2[
√
3B(tf − t)]
{
coth2[
√
3B(tf − t)]− 3
}
. (47)
3.3.2 The case ǫ = −1, λ = 1/√3
In this case, we can integrate equation (43) to obtain
√
3ϕ =
(
H0t+
√
1 +H20 t
2
)1/3
−
(
H0t+
√
1 +H20 t
2
)−1/3
, (48)
where, for the sake of simplicity, we let the integration constant be zero, and put B = 2H0/3
√
3
with H0 being a constant. Then it is easy to find that χ = 1/
√
3ϕ˙ and
H(t) =
H0
9
√
1 +H20 t
2
{(
H0t+
√
1 +H20 t
2
)2/3
−
(
H0t+
√
1 +H20 t
2
)−2/3}
. (49)
By using (21) and (49), we are able to find the EoS and deceleration parameters as follows:
{
w
q
}
= −1 +
{
2/3
1
}
×
{
9H0t√
1 +H20 t
2 g(−)(t)
− 6g
(+)(t)
[g(−)(t)]2
}
, (50)
where
g(±)(t) =
(
H0t+
√
1 +H20 t
2
)2/3
±
(
H0t+
√
1 +H20 t
2
)−2/3
, (51)
or
g(±)(t) = 2
{
cosh
sinh
}(2
3
sinh−1H0t
)
.
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By using the obvious equality
d
dt
g(±)(t) =
2H0
3
√
1 +H20 t
2
g(∓)(t),
it is easy to integrate Eq. (49) and obtain the following result for the scale factor:
a(t) = a0 exp
[1
6
g(+)(t)
]
, (52)
where a0 is a constant of integration. The main features of this solution is shown in Fig. 2. It is
interesting to note that, passing through a maximum, then H → 0, and w, q → −1 as t→∞.
4 Conclusion
In this paper, we have studied the flat FRW cosmological models with interacting quintessence
(phantom) and tachyon scalar fields considered as the origin of gravity. We have described theo-
retical models based on the assumption that the interaction of tachyon field could be described with
the help of potential. We have obtained the different types of exact solution for the Friedmann-
Robertson-Walker model filled with the interacting tachyon and quintessence (phantom) scalar
fields by employing the so-called first order formalism procedure.
We have left aside the question of the possibility to reconstruct the potential in the form of an
explicit function of the original tachyon field φ(t). This issue will be studied further.
Of course, all given examples are not the limit of the capacities of the method considered. We
hope that the derived model is the next step in the development of tachyon cosmology, and it can
be utilized to describe the dynamics of the evolution of the actual Universe.
References
[1] A.G. Riess, et al., Astron. J. 116 1009 (1999).
[2] S. Perlmutter, et al., Astrophys. J. 517 565 (1999).
[3] D. Spergel, et al., Astrophys. J.S. 148, 175 (2003).
[4] E. Komatsu, et al., Astrophys. J.S. 192, 18 (2011).
[5] C. Blake and K. Glazebrook, Astrophys. J. 594, 665 (2003).
[6] H. Seo and D. Eisenstein, Astrophys. J. 598, 720 (2003).
[7] E. J. Copeland, M.Sami, S. Tsujikawa, Int. J. Mod. Phys. D 15, 1753 (2006).
[8] A. Sen, JHEP 0207, 065 (2002)
[9] F. Piazza, S. Tsujikawa, JCAP 0407, 004 (2004)
[10] B. Feng, X. Wang and X. Zhang, Phys. Lett. B 607, 35 (2005)
[11] M.R. Setare, Phys. Lett. B 642, 1 (2006).
[12] E.N. Saridakis, Phys. Lett. B 660, 138 (2008).
[13] E. Elizalde, S. Nojiri, S.D. Odintsov and P. Wang, Phys. Rev. D 71, 103504 (2005).
[14] D. Polarski and A. A. Starobinsky, Phys. Rev. Lett. 85, 2236 (2000).
[15] R. R. Caldwell, Phys. Lett. B 545, 23 (2002).
[16] P.S. Apostolopoulos, N. Tetradis, Phys. Rev. D 74, 064021 (2006)
[17] H.-S. Zhang, Z.-H. Zhu, Phys. Rev. D 75, 023510 (2007)
[18] A. Feinstein, Phys. Rev. D 66, 063511 (2002).
[19] M. Sami, Mod. Phys. Lett. A18, 691 (2003).
[20] M. Sami, P. Chingangbam and T. Qureshi, Phys. Rev. D 66, 043530 (2002).
[21] M. Fairbairn and M.H.G. Tytgat, Phys. Lett. B 546, 1 (2002).
[22] T. Padmanabhan, Phys. Rev. D 66, 021301 (2002).
[23] M. Li, X.-D. Li, S. Wang and Y. Wang, Commun. Theor. Phys. 56, 525 (2011).
[24] G. Calcagni, A. R. Liddle, Phys.Rev.D 74, 043528 (2006).
[25] E. J. Copeland, M. R. Garousi, M. Sami and S. Tsujikawa, Phys. Rev D 71, 043003 (2005).
[26] G. Calcagni and A. R. Liddle, Phys.Rev. D 74 043528 (2006).
[27] V. K. Shchigolev, M. P. Rotova, Grav.Cosmol. 18, No 1, 88-92 (2012).
[28] Z.-K. Guo, R.-G. Cai, Y.-Z. Zhang, JCAP 0505, 002 (2005).
[29] A. de la Macorra and U. Filobello, Phys.Rev.D 77, 023531 (2008).
8
[30] G. Caldera-Cabral and R. Maartens, Phys.Rev.D 79, 063518 (2009).
[31] M. R. Setare, J. Sadeghi and A. R. Amani, Phys.Lett.B 673, 241-246 (2009).
[32] A. Sheykhi, Phys Lett. B 682, 329 (2010).
[33] K. Karami, M.S. Khaledian, F. Felegary, Z. Azarmi, Phys.Lett.B 686, 216-220 (2010).
[34] L. Zhang, J. Cui, J. Zhang, and X. Zhang, Int. J.Mod. Phys.D 19, 21 (2010).
[35] S. Chattopadhyay and U. Debnath, Int. J. Theor. Phys 50, 3166 (2011).
[36] M. Umar Farooq, M. Jamil and M.A. Rashid, Int.J.Theor.Phys. 49, 2278 (2010).
[37] H. Wei, R.G. Cai and D.F Zeng, Class. Quantum Grav. 22, 3189 (2005).
[38] M. Jamil, A. Sheykhi, Int.J.Theor.Phys. 50, 625 (2011).
[39] T. Gonzalez, I. Quiros, Class.Quant.Grav. 25, 175019 (2008).
[40] Hao Wei, Nucl.Phys.B 845, 381-392 (2011).
[41] R. Herrera, D. Pavon, W. Zimdahl, Gen. Rel. Grav. 36, 2161 (2004).
[42] R. -G. Cai and A. Wang, JCAP 0503, 002 (2005).
[43] S.-G. Shi, Y.-S. Piao and and C.-F. Qiao, JCAP 04, 027 (2009).
[44] A. Banijamali and B. Fazlpour, JCAP 01, 040 (2012).
[45] V. M. Zhuravlev, S. V. Chervon, Zh. Exp.Teor. Fiz. 18, 259 (2000); arXiv: 9907051 [gr-qc].
[46] D. Bazeia, C. B. Gomes, L. Losano, R. Menezes, Phys. Lett. B 633, 415 (2006).
[47] I. Quiros, T. Gonzalez, et al., Class.Quant.Grav. 27 215021, (2010).
[48] A. R. Amani, Int. J. Theor. Phys. 50, 3078 (2011).
[49] Y.-F. Cai, E. N. Saridakis, M. R. Setare, et al., Phys. Rept. 493, 1 (2010).
[50] W. Chemissany, A. Ploegh, T. Van Riet, Class.Quant.Grav. 24, 4679-4690 (2007).
[51] E. Silverstein, D. Tong, Phys.Rev.D 70, 103505 (2004).
9
